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SUMMARY 

One of t he  impor tant  q u a l i t i e s  of the LTC* c a t a l y s t  i s  t h e  rap id  o x i d a t i o n  
o f  carbon monoxide t o  carbon d iox ide  under a wide v a r i e t y  o f  condi t ions.  The 
c a t a l y t i c  ma te r ia l  i s  a palladium-copper a c t i v a t e d  complex which reac ts  w i t h  
var ious  contaminant molecules through a continuous o x i d a t i o n l r e d u c t i o n  cyc le .  
The alumina subs t ra te  enhances LTC a c t i v i t y  w i t h  i t s  favorab le  sur face 
chemist ry  and very h igh  sur face area. About 10 percent  sur face water i s  nec- 
essary t o  f a c i l i t a t e  the  o x i d a t i o n  o f  CO. Th is  r e a c t i o n  shows a l og - log  
dependence on contac t  time, suggesting a Langmuir-Hinshelwood mechanism. 

monoxide i n  the  temperature reg ion  o f  20" t o  400°C, and a t  ambient over a 
range of 25 t o  65 percent  r e l a t i v e  humidity. 
by the  LTC/alumina mater ia l - - the  amount s t r o n g l y  dependent on temperature 
increases b u t  independent o f  humidi ty.  

I n  the  tube t e s t s ,  LTC removed 90 t o  100 percent  o f  contaminat ing carbon 

I n  cont ras t ,  NO, i s  chemisorbed 

Performance t e s t s  i n  the  Instapure@ A i r  F i l t r a t i o n  appl iance were done i n  
a sealed room us ing  300 cfm a i r  f l o w  rate.  The CO was 78 percent removed, 0 100 

benzene 8 percent removed. 
removed by the  appliance. 
were e f f e c t i v e l y  reduced us ing  a small a n c i l l a r y  f i l t e r  con ta in ing  LTC. 

percent  removed, SO, and H,S 100 percent, NH, 58 percent,  NO, 40 percent, an a 
The CO from sidestream tobacco smoke was 34 percent 

Hazardous components o f  mainstream tobacco smoke 

The LTC c a t a l y s t  has demonstrated exce l l en t  c a p a b i l i t y  t o  remove an 
impor tant  v a r i e t y  o f  hazardous p o l l u t a n t  gases which are  common f a c t o r s  t o  
poor indoor  a i r  q u a l i t y .  
the LTC c a t a l y s t  i n  a 50:50 m ix tu re  w i t h  a c t i v a t e d  carbon t o  e f f e c t i v e l y  
remove p a r t i c u l a t e ,  odors, and hazardous gages a t  room temperature and 
humid i t ies .  
of po r tab le  a i r  f i l t r a t i o n  equipment. 
t h a t  LTC removes suggests the  c a t a l y t i c  technology i s  adaptable t o  a 
considerable range o f  commercial and i n d u s t r i a l  app l i ca t i ons .  

The I n s t a p u r m  A i r  F i l t r a t i o n  System incorporates 

The a b i l i t y  t o  remove hazardous gases i s  unique f o r  t he  category 
The wide v a r i e t y  o f  p o l l u t a n t  gases 

INTRODUCTION 

The Envi ronmental P ro tec t i on  Agency has been conduct ing var ious s tud ies  
o f  indoor  a i r  contaminants and t h e i r  exposure e f f e c t s . l ~ ~ * ~  These r e s u l t s  and 
o thers  i n d i c a t e  t h a t  personal exposure t o  s p e c i f i c  p o l l u t a n t s  i s  o f t e n  s i g n i f -  
i c a n t l y  g rea te r  than outdoor exposure l i m i t s .  T igh ten ing  up o f  residences f o r  
reasons of energy conservat ion,  g rea ter  use o f  syn the t i c  ma te r ia l s  i n  Su i l b i f i g  
and fu rn i sh ing  i n t e r i o r s ,  tobacco smoking, and increased use o f  so lvents  a l l  
a re  major c o n t r i b u t o r s  t o  t h e  d e t e r i o r a t i o n  o f  indoor  a i r  q u a l i t y .  

I *Low-Temperature Cata lys t  (LTC). 
i 
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Most i n d i v i d u a l s  spend up t o  90 p e r c e n t  o f  t h e i r  t i m e  indoors ;  about  70 
p e r c e n t  i s  i n  r e s i d e n t i a l  and o f f i c e  environments. The v a r i o u s  types  o f  p o l -  
l u t a n t s - - a s  p a r t i c u l a t e ,  o r  harmful gases--have been l i n k e d  t o  ill h e a l t h  
e f f e c t s .  Cur ren t ly ,  t h e  most c o n t r o v e r s i a l  i s s u e  i s  t h e  e f f e c t  o f  s idest ream 
tobacco smoke on non-smokers i n  t h e  same environment.  

As r e p o r t e d  i n  an e a r l i e r  paper,4 Teledyne Water P i k  has developed a 
novel  room temperature c a t a l y s t  (LTC) f o r  removal o f  v a r i o u s  gaseous 
contaminants. 
d i o x i d e  a t  v e r y  e f f i c i e n t  r a t e s .  
ozone, n i t r o g e n  and s u l f u r  ox ides,  hydrogen s u l f i d e ,  ammonia, and c e r t a i n  
t o x i c  components o t  c i g a r e t t e  smoke. 

I n  p a r t i c u l a r ,  t h i s  c a t a l y s t  o x i d i z e s  carbon monoxide t o  carbon 
It a l s o  has shown good r a t e s  o f  removal f o r  

LTC CATALYST MATERIAL 

I n  genera l ,  t h e  LTC c a t a l y s t  c o n s i s t s  o f  a s o l u t i o n  o f  copper and 
p a l l a d i u m  s a l t s  deposi ted on a porous alumina subs t ra te .  It appears t h a t  t h i s  
s u b s t r a t e  m a t e r i a l  p rov ides  a c e r t a i n  enhancement o f  c a t a l y t i c  a c t i v i t y  due t o  
i t s  s p e c i f i c  sur face  chemist ry ,  as w e l l  as l a r g e  s u r f a c e  area f o r  d i s p e r s i o n  
o f  t h e  LTC composi t ion.  A l s o  a minimum o f  p o s t - d e p o s i t i o n  water  conten t ,  
t i g h t l y  h e l d  by the  alumina, i s  necessary t o  achieve reasonable r a t e s  o f  
c a t a l y t i c  e f f i c i e n c y .  

React ion Mechanism 

The r e a c t i o n  o f  LTC w i t h  carbon monoxide i s  analogous t o  t h e  Wacker 
commerci a1 process f o r  produci  ng acta1 dehyde .5 The o x i  d a t i  on- reduc t i  on c y c l  e 
r e q u i r e s  exchange o f  e l e c t r o n s  between t h e  copper and p a l l a d i u m  meta ls  o f  t h e  
complex; water  i s  b o t h  consumed and r e t u r n e d  t o  t h e  c a t a l y t i c  cyc le .  

A s i m p l i f i e d  diagram o f  t h i s  r e a c t i o n  i s  shown i n  F igure  1. The d e p o s i t s  
of  meta l  s a l t s  c o n t a i n  a c t i v a t e d  complexes which c r e a t e  s i t e s  f o r  s e l e c t i v e  
chemisorp t ion  o f  oxygen and carbon monoxide. 
" i s l a n d s  o f  atomic oxygen a r e  adsorbed, surrounded by carbon monoxid 
molecules and t h a t  t h e  o x i d a t i o n  r e a c t i o n  occurs a t  t h e i r  in te r face . '  The 
r a t e  o f  r e a c t i o n  i s  determined by t h e  c a t a l y s t ' s  e f f i c i e n c y .  

Present  t h e o r y  ho lds  t h a t  

LTC Act  i vated Compl ex 

Several  s imple t e s t s  imply t h e  f o r m a t i o n  o f  a pal ladium-copper complex, 
p robab ly  s t a b i l i z e d  by surrounding anions. 
which i s  respons ib le  f o r  c a t a l y t i c  r a t e s  o f  CO o x i d a t i o n  t o  CO,. 

t o  achieve 50 percent CO removal under s tandard tube t e s t  c o n d i t i o n s .  
L ikewise,  a " c a t a l y s t "  c o n t a i n i n g  t h e  two copper s a l t s  gave o n l y  15 and 
decaying t o  4 percent  CO removal. 
c o n s i s t e n t l y  removes g r e a t e r  than 85 percent  CO. 

T h i s  complex i s  t h e  a c t i v e  species 

A " c a t a l y s t "  made 'wi th.  o n l y  t h e  p a l l a d i u m  s a l t - - a l l  e l s e  equal--was a b l e  

The LTC combinat ion o f  these t h r e e  s a l t s  
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A s e r i e s  o f  t e s t s  u s i n g  s tepwise a d d i t i o n s  o f  t h e  meta l  s a l t s  
c o n s t i t u e n t s  i n  v a r i o u s  sequences (same f i n a l  composi t ion)  c l e a r l y  shows t h e  
b e s t  CO removals occur  w i t h  t h e  simultaneous d e p o s i t  o f  t h e  LTC composi t ion.  

SPECIFICATIONS FOR PERFORMANCE TESTS 

Tube T e s t  f o r  C a t a l y t i c  A c t i v i t y  

A one gram sample o f  LTC c a t a l y s t  i s  packed i n  a g l a s s  tube t o  min imize 
by-pass and exposed t o  feed gas f l o w  o f  known c o n c e n t r a t i o n  i n  a s i n g l e  con- 
taminant .  R e l a t i v e  h u m i d i t y  i n  t h e  feed stream may be v a r i e d  f rom 10 t o  90 
percent ,  w h i l e  temperature i s  unregu la ted  ambient. T y p i c a l  t e s t  c o n d i t i o n s  
a r e  50 p a r t s  p e r  m i l l i o n  o f  carbon monoxide and 60 percent  r e l a t i v e  h u m i d i t y  
a t  a f l o w  r a t e  o f  500 cc/minute. The d i f f e r e n c e  i n  CO c o n c e n t r a t i o n  between 
feed gas passed o v e r  u n t r e a t e d  s u b s t r a t e  alumina beads versus over  t h e  LTC 
c a t a l y s t  measures a c t i v i t y ,  which can be moni tored over  t ime. E q u i l i b r i u m  
removal r a t e s  a r e  t h e  percentage o f  p o l l u t a n t  c o n c e n t r a t i o n  l o s t  a f t e r  6 
hours. The s tandard d e v i a t i o n  o f  8 r e p e t i t i v e  t e s t  r e s u l t s  was a s a t i s f y i n g  
2.1. 

The a c t u a l  amount o f  contaminant removed, o f  course, depends on p h y s i c a l  
parameters-- the amount o f  LTC, t h e  s i z e  and t h i c k n e s s  o f  t h e  c a t a l y s t  bed, gas 
f l o w  r a t e ,  l e n g t h  o f  t e s t i n g ,  and i n i t i a l  c o n c e n t r a t i o n  o f  contaminant CO. 
Time o f  c o n t a c t  w i t h  LTC r e f l e c t s  t h e  former v a r i a b l e s  and i s  c a l c u l a t e d  from: 

I n  (Co/Ct) = K 0 tC 

Assuming a f i r s t - o r d e r  r e a c t i o n  r a t e  ( o x i d a t i o n  o f  CO t o  CO,), C 
contaminant c o n c e n t r a t i o n  a t  some t i m e  t, C 
i s  t h e  r e a c t i o n  r a t e  constant ,  and t i s  c o k a c t  t ime. 
a c t i o n  r a t e  a l s o  v a r i e s  w i t h  t h e  amo6nt o f  s u r f a c e  coverage o f  oxygen and 
carbon monoxide, t h e r e f o r e  a f i  r s t - o r d e r  r e a c t i o n  scheme i s  a cons iderab le  
s i m p l i f i c a t i o n .  The r e a c t i o n  cons tan t  i s  c h a r a c t e r i s t i c  o f  c a t a l y s t  m a t e r i a l  , 
independent o f  t e s t  procedures. For  example, an LTC c a t a l y s t  w i t h  an e q u i l i b -  
r i u m  CO removal r a t e  of  93 percent  

i s  t h e  
i s  t h e  i n i t i a l  concentraEion, K 

I n  r e a l i t y ,  t h e  r e -  

has a c a l c u l a t e d  K o f  about 12 seconds-1. 

Room T e s t  o f  A i r  F i l t r a t i o n  Appl iance 

The second t y p e  o f  performance t e s t  measures contaminant removal i n  a 
sea led  room, u s i n g  t h e  LTC c a t a l y s t  f i l t e r  i n  o u r  a i r  f i l t r a t  on appl iance.  
F i l t e r s  were designed t o  h o l d  about 230 grams o f  LTC c a t a l y s t  i n  a t h i n  bed 
w i t h  minimal a i r  f low by-pass. T h i s  t e s t  i s  conducted i n  a 1 08 c u b i c  f o o t  
s t a i n l e s s - s t e e l  room w i t h  an i n i t i a l l y  known amount o f  gaseous contaminant.  
The r a t e ’ o f  decay i s  s u b t r a c t e d  f rom t h e  performance o f  t h e  appl iance.  A i r  
f low th rough t h e  app l iance was 300 cfm f o r  t h e  t e s t  d u r a t i o n  o f  2 hours. 
s tandard  d e v i a t i o n  o f  7 r e p e t i t i v e  t e s t  r e s u l t s  was an e x c e l l e n t  1.4. 

The 

155 



TUBE TEST PERFORMANCE 

Temperature Dependence 

The t e  p e r a t u r e  dependence o f  LTC performance has been r e p o r t e d  
previously, '  b u t  a b r i e f  d e s c r i p t i o n  i s  i n c l u d e d  f o r  completeness. F i g u r e  2 
maps r e s u l t s  o f  a s e r i e s  o f  t e s t s  f o r  CO removal o f  LTC a t  v a r i o u s  
temperatures. Between room temperature and about  4OO0C, CO o x i d a t i o n  ranges 
between 90 and 100 percent .  Below about 65"F, t h e  r e a c t i o n  r a t e  drops o f f  
sharp ly ,  probably  as a r e s u l t  o f  inc reased d i s s i p a t i o n  o f  t h e  heat  o f  
r e a c t i o n .  

I n  cont ras t ,  t h e  p h y s i c a l  a d s o r p t i o n  o f  NO, decreases as t h e  temperature 
increases.  Near 100 percent  a d s o r p t i o n  occurs between -50" and 25"C, grad- 
u a l l y  decreasing t o  50 percent  a t  175°C. 

R e l a t i v e  Humid i ty  Dependence 

The dependence o f  LTC a c t i v i t y  on r e l a t i v e  h u m i d i t y  was a l s o  r e p o r t e d  
p r e v i o u ~ l y , ~  and i s  i l l u s t r a t e d  i n  F i g u r e  3. 
between about 25 t o  70 percent  r e l a t i v e  humid i ty .  Inadequate water  p resent  
i n h i b i t s  t h e  r e a c t i o n  a t  i n t e r f a c e s  o f  adsorbed " i s l a n d  oxygen" and surround- 
i n g  CO molecules. Too much mois tu re  f i l l s  t h e  micropores o f  t h e  alumina, 
e f f e c t i v e l y  ''drowning'' these a c t i v e  metal depos i ts .  

The phys ica l  a d s o r p t i o n  o f  NO, i s  unaf fec ted  by humid i ty ,  presumably 
because most o f  t h e  chemisorpt ion i s  on t h e  sur face  o f  t h e  LTC/alumina bead 
and i n  t h e  macropores. 
poisoned b y  water vapor; i t  i s  i n e f f e c t i v e  above 10 percent  r e l a t i v e  humid i ty .  

The CO o x i d a t i o n  i s  optimum 

A common commercial m a t e r i a l ,  Hopca l i te ,  i s  s e v e r e l y  

Contact  Time 

One o f  the p h y s i c a l  parameters which s t r o n g l y  a f f e c t s  t h e  LTC r a t e  o f  CO 
o x i d a t i o n  i s  t h e  t i m e  t h a t  t h e  contaminant i s  i n  c o n t a c t  w i t h  t h e  c a t a l y s t .  
Table I shows data f o r  c o n t a c t  t imes o f  0.4 t o  0.01 second, achieved b y  v a r y i n g  
t h e  gas f l o w  r a t e  ( 5  t o  0.5 Lpm) and/or t h e  bed depth o f  LTC packed i n  t h e  
tube. A l l  t e s t s  were conducted a t  room temperature and 60 percent  r e l a t i v e  
h u m i d i t y  w i t h  50 p a r t s  p e r  m i l l i o n  CO. 

TABLE I 
E f f e c t  o f  c o n t a c t  t i m e  on 

Contact  Time Bed Depth 
(sec.)  ( Inches)  
0.4 
0.2 
0.1 
0.08 
0.05 
0.025 
0.01 

1.0 
0.5 
0.5 
0.4 
0.25 
0.25 
0.25 

CO o x i d a t i o n .  

% Average 
CO Removal 

84 
52 
30 
28 
14 
7 
2 
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Although Equat ion 1 pos tu la tes  a l o g - l i n e a r  p l o t ,  the data f i t  a l og - log  
curve--conf i  rmed by regress ion analys is .  The amount o f  sur face coverage o f  
t he  a c t i v e  LTC s i t e s  w i t h  CO and oxygen molecules accounts i n  l a r g e  p a r t  f o r  
t h e  discrepancy, as w e l l  as the  f a c t  t h a t  the oxygen-palladium bonds are  
weakened by t h e  co-adsorpt ion o f  CO molecules.6 Thus, the  r e a c t i o n  conforms 
more c l o s e l y  t o  the  Langmuir-Hinshelwood mechanism r a t h e r  than a s imple f i r s t  
o rder  dependency. 

ROOM TEST PERFORMANCE RESULTS 

One present  a p p l i c a t i o n  o f  the  LTC c a t a l y s t  i s  a po r tab le  a i r  f i l t r a t i o n  
The LTC beads are t i g h t l y  packed 

The I n s t a p u r m  A i r  F i l t r a t i o n  System u n i t s  

appl iance f o r  home and o f f i c e  environments. 
i n t o  a t h i n  f i l t e r  t o  minimize pressure drop; i n  the  product f i l t e r s  LTC and 
a c t i v a t e d  carbon a re  mixed 50:50. 
used i n  t h i s  se r ies  o f  t e s t s  had LTC only (about 230 grams) and an a i r  f l o w  
r a t e  o f  300 cfm. The contac t  t ime i s  thus approximately 0.02 second, o r  an 
order  o f  magnitude less  than t h a t  i n  the  tube t e s t .  
t e s t s  were conducted i n  a 1008 cubic  f o o t  sealed room a t  40 percent r e l a t i v e  
humid i ty  and ambient temperature. 
noted i n  each t e s t ,  each o f  2 hour durat ion.  F igure  4 summarizes a l l  o f  t he  
r e s u l t s  as ad justed f o r  each species '  r a t e  o f  decay. The Threshhold L i m i t  
Value--Short Term Exposure L i m i t  (STEL) values a re  recommendation 
American Conference o f  Governmental I n d u s t r i a l  Hygien is ts  (1983) . 3  The STEL 
values c i t e d  are  f o r  a 15 minute time-weighted average which should n o t  be 
exceeded du r ing  a work day. 

A l l  o f  t he  f o l l o w i n g  

I n i t i a l  contaminant concentrat ions are 

issued by the  

Carbon Monoxide 

A f i l t e r  us ing  50:50 LTC t o  ac t i va ted  carbon was tested,  us ing  30 p a r t s  
per  m i l l i o n  CO t o  begin. 
p a r t s  per  m i l l i o n  corresponds t o  the  lower l i m i t  o f  the  "dangerous" category 
es tab l i shed by the EPA. 
removed. Given the  b r i e f  contact  t ime, a per-pass f i l t e r  e f f i c i ency  o f  14.6 
percent may be ca lcu la ted .  

The STEL l i m i t  i s  400 p a r t s  per  m i l l i o n ,  b u t  30 

A f t e r  2 hours running, 55 percent o f  the  CO was 

An LTC f i l t e r  removed 78 percent  CO i n  2 hours. 

Ozone 

An LTC-only f i l t e r  i n  the  appl iance was run  i n  the  sealed room con ta in ing  
164 p a r t s  per  b i l l i o n  ozone (STEL l i m i t  i s  300 p a r t s  per  b i l l i o n ) .  
minutes, 99+ percent was removed. Other t e s t s  i n d i c a t e  t h a t  the  very r e a c t i v e  
ozone molecules are  decomposed t o  oxygen by chemisorpt ion and subsequent 
i n t e r a c t i o n  on the  alumina surface, as w e l l  as the  LTC a c t i v e  s i t e s .  

A f te r  38 

N i t r i c  Oxide 

An LTC f i l t e r  was exposed t o  20 par ts  per  m i l l i o n  NO a t  300 cfm (STEL i s  
35 p a r t s  per  m i l l i o n ) .  
whereas the  LTC/carbon f i l t e r  was ab le  t o  remove 40 percent  o f  t he  i n i t i a l  
concentrat ion.  

A f t e r  80 minutes, the  LTC had removed 20 percent, 
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N i t r o g e n  D i o x i d e  

p e r  m i l l i o n ) .  Removal was 40 percent  a f t e r  100 minutes versus 100 percent  
removal f o r  the LTC/carbon f i l t e r .  
adsorbed t o  a c t i v e  carbon sur faces  than t o  t h e  LTC/alumina sur faces.  As shown 
i n  F i g u r e  2, i n c r e a s i n g  temperatures inc rease t h e  r a t e  o f  d e s o r p t i o n  ( t u b e  
t e s t s ) .  

The LTC f i l t e r  was exposed t o  4 p a r t s  p e r  m i l l i o n  NO, (STEL i s  5 p a r t s  

The NO, molecules seem t o  be more t i g h t l y  

S u l f u r  D i o x i d e  

An LTC f i l t e r  i n  our  app l iance was r u n  i n  t h e  sealed room c o n t a i n i n g  5 
p a r t s  p e r  m i l l  i o n  SO2 (STEL i s  5 p a r t s  p e r  m i l  1 i o n ) .  
was achieved a f t e r  90 minutes.  
chemisorbed by LTC a c t i v e  Cu( I1 )  s i t e s  u p t i 1  s a t u r a t i o n .  

Removal o f  100 p e r c e n t  
Other  tube t e s t s 4  have shown t h a t  SO2 i s  

Hydrogen S u l f i d e  

The LTC f i l t e r  was sub jec ted  t o  4 p a r t s  p e r  m i l l i o n  H,S (STEL i s  15 p a r t s  
p e r  m i l l i o n ) .  
E a r l i e r  tube t e s t s  (unpubl ished data, Western Kentucky U n i v e r s i t y ,  September 1983) 
i n d i c a t e  an i r r e v e r s i b l e  r e a c t i o n  o f  H,S w i t h  LTC which r e s u l t s  i n  a gradual  p o i -  
soning o f  t h e  a c t i v e  s i t e s .  Apparent ly ,  copper s u l f i d e  i s  t h e  r e a c t i o n  p r o d ~ c t . ~  

A f t e r  60 minutes,  about 100 percent  o f  t h e  H,S was removed. 

Ammon i a 

An LTC f i l t e r  i n  t h e  a i r  f i l t r a t i o n  app l iance was r u n  i n  an atmosphere 
c o n t a i n i n g  140 p a r t s  per  m i l l i o n  o f  ammonia. An STEL recommended l i m i t  o f  35 
p a r t s  p e r  m i l l i o n  i s  publ ished.  A f t e r  60 minutes,  58 percent  was removed; 76 
percent  a t  the end o f  t h e  2 hour t e s t .  Subsequent, c o n t i n u i n g  t e s t  runs  show 
t h a t  t h e  c a t a l y s t  i s  g r a d u a l l y  sa tura ted ,  w i t h  NH, removal d ropp ing  t o  6 
percent  a f t e r  6 hours. 

Benzene 

The LTC f i l t e r  was exposed t o  17 p a r t s  p e r  m i l l i o n  o f  benzene vapor i n  
t h e  t e s t  room (STEL l i m i t  i s  25 p a r t s  p e r  m i l l i o n ) .  Only  8 percent  was 
removed a f t e r  2 hours, whereas t h e  LTC/carbon f i l t e r  was a b l e  t o  remove 
g r e a t e r  than 90 percent  o f  t h e  benzene concent ra t ion ,  even a f t e r  each o f  f i v e  
success ive t e s t  runs. The benzene molecule i s  non-polar  and r e a d i l y  adsorbed 
by t h e  porous a c t i v a t e d  carbon. The LTC i s  r e l a t i v e l y  u n r e a c t i v e  t o  t h e  benzene 
s t r u c t u r e .  

Components o f  Tobacco Smoke 

Chemical components o f  b o t h  mainstream and s idest ream tobacco smoke a r e  
present  i n  a i r  as p a r t i c u l a t e  o r  aerosa l  and a gaseous phase. 
p o r t i o n  o f  p a r t i c u l a t e  i s  t a r ,  n i c o t i n e ,  and water;  t h e  m a j o r i t y  of t h e  gas 
phase i s  carbon d i o x i d e ,  carbon monoxide and methane. 
removed mechanica l ly  f rom mainstream smoke by a paper f i l t e r  ( c i g a r e t t e s ) .  

The major  

P a r t i c u l a t e  can be 
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Table I 1  l i s t s  some of t he  h igher  concentrat ion cons t i t uen ts  o f  tobacco smoke 
a long w i t h  t h e i r  b i o l o g i c a l  e f f e c t s .  

TABLE I 1  
Some c i g a r e t t e  smoke gaseous const i tuengs 
Mainstream smoke: u n f i l t e r e d  c i g a r e t t e  

Gas Phase ComDonents B io log i ca l  A c t i v i t y  Wt/Cigaret te 

Carbon Diox ide 
Carbon Monoxi de 
Methane 
Acetaldehyde 
Acetone 
N i t rogen Oxides 
Isoprene 
Hydrogen Cyanide 
2 - Butanone 
A c e t o n i t r i l e  
To1 uene 
Ammonia 
Benzene 
Acetylene 
Dimethylni t rosamine 
N i t rosopy r ro l  i d i n e  

a - U.S. Dept. o f  Heal th,  Ed1 
Smoking" , 1981. 

Toxic 

Toxic 

Toxic 

Toxic 

Toxic 
Co-Carcinogen 

Carcinogen 
Carcinogen 

ca t i on  & Welfare, "The Heal th  Con 

10-60 mg 
10-20 mg 
1.3 mg 
770 mg 

100-600 mg 
60-600 mg 

582 mg 
430 mg 

80-250 mg 
120 mg 
180 mg 
80 mg 
67 mg 
27 mg 

10-65 mg 
10-35 mg 

equences f 

The most acute b i o l o g i c a l  e f f e c t  o f  tobacco smoke i s  suf fered f i r s t  f rom 

I t s  e f f e c t s  range from inducing headaches and d izz iness  t o  

n i c o t i n e ,  and secondly f rom carbon monoxide. The l a t t e r  markedly decreases 
the oxygen-carry ing capac i ty  o f  t h e  b lood and may impa i r  t he  nervous system 
func t ions .  
i m p l i c a t i o n  i n  hea r t  a t tacks  and ~ t r o k e s . ~  

Room Test f o r  CO From C iga re t te  Smoke 

The t e s t  r e s u l t s  f o r  CO removal f rom sidestream c i g a r e t t e  smoke us ing  the  
I n s t a p u r m  A i r  F i l t e r  (AF-1) a r e  shown i n  Figure 5. 
smoked every ha l f -hour  i n  a 1152 cubic  f o o t  sealed room t o  generate the upper 
curve ending a t  48 p a r t s  per  m i l l i o n  CO i n  8 hours. 
fo l lowed w h i l e  running the  AF-1 appl iance, which gave the center  curve (32 
p a r t s  per  m i l l i o n  CO a t  8 hours).  The lower curve i s  f o r  a repeat  o f  t he  
second t e s t  w i t h  c i g a r e t t e  smoking terminated a f t e r  6 hours. 
removes 34 percent  o f  t he  cumulat ive CO concentrat ion.  

Two c i g a r e t t e s  were 

The same procedure was 

The a i r  f i l t e r  

Mainstream Smoking Test  

A small f i l t e r  con ta in ing  6 grams o f  LTC was at tached t o  u n f i l t e r e d  
c i g a r e t t e s  t o  t e s t  f o r  removals of mainstream tobacco smoke components. The 
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t e s t s  were conducted by an independent l a b o r a t o r y  and a r e  summarized i n  F i g u r e  
6. 
t h e  LTC f i l t e r .  
s i g n i f i c a n t l y  reduced by use o f  LTC. 
f rom 1,600 t o  18 and 160 p a r t s  p e r  m i l l i o n  o r  l e s s  r e s p e c t i v e l y .  
methyl  c h l o r i d e  and methyl  e t h y l  ketone a r e  removed i n  m a j o r i t y .  
methyl  a l c o h o l  a r e  mechan ica l l y  removed; severa l  c o n s t i t u e n t s  a r e  below t h e  
d e t e c t i o n  l e v e l  and t h e r e f o r e  show no change. 

O x i d a t i o n  o f  CO i s  dramat ic- - f rom 17,000 t o  430 p a r t s  p e r  m i l l i o n  w i t h  
Refer r ing  t o  Table 11, severa l  o t h e r  hazardous compounds a r e  

Acetaldehyde and ammonia a r e  d imin ished 
L ikewise,  

Acetone and 
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Figure 1. Diagram of catalyt ic  CO oxidation mechanism. 
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Figure 2 .  LTC removal of CO and NO2 as a function o f  temperature. I 
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Figure 3. Catalyst  removals as  a function of r e l a t i v e  humidity. 
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re 4 .  Room t e s t  of LTC f i l t e r  for various contaminant .s . 
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Figure 5. Room t e s t s  of product f i l t e r  for  CO (smoke) removal ra te .  
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Figure 6 .  LTC removal of contaminants i n  c igaret te  smoke. 

163 


